Knowledge in sustainable behaviour. Using knowledge-based decision support systems for the improvement of sustainability by Faber, Niels Rogier
  
 University of Groningen
Knowledge in sustainable behaviour. Using knowledge-based decision support systems for
the improvement of sustainability
Faber, Niels Rogier
IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.
Document Version
Publisher's PDF, also known as Version of record
Publication date:
2006
Link to publication in University of Groningen/UMCG research database
Citation for published version (APA):
Faber, N. R. (2006). Knowledge in sustainable behaviour. Using knowledge-based decision support
systems for the improvement of sustainability. s.n.
Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the





6.1 Position in researh
The Optihem Infonet ase study ontributes to sustainability of knowledge of
handling hemials in a more sustainability fashion. For this, a deision support
system is developed that supports various tasks that are exeuted in paper mills,
in task environments in whih hemials are present. This support onerns ini-
tiating learning proesses of truk drivers and leaners (the units of adoption),
who respetively unload hemials and lean mahines at a paper mill site, re-
garding the risks relating to hemials they enounter. Additionally, the deision
support system indiates what measures an be taken to improve personal safety
and resolve hazardous situations. The main fous in realising this deision support
system is providing urrently available information about hemials in suh a form
that it is understood by the truk drivers and leaners, whom the deision support
system intends to support. Several deision support system prototypes have been
built. This hapter desribes the design proess of the most reent prototype of
the deision support system and a user test of this prototype.
In addition to ontributing to sustainability of knowledge in the Duth paper
industry regarding hemials, using a deision support system, also knowledge of
sustainability of the tasks of truk drivers and leaners is generated. The disus-
sions and tests regarding the prototypes indiate what modelling deisions on-
erning the deision support system's internal make-up and its human-omputer
interation t the objetive of sustainability of knowledge. In other words, know-
ledge of sustainability is developed regarding the design of deision support sys-
tems that ontribute to sustainability of knowledge in the Duth paper industry.
At a later stage, this knowledge of sustainability an be applied in saling-up the
deision support system towards an operational system.
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The remainder of this hapter is based on:
Faber, N.R. & Peters, K. (2006). Know what you blend! A tool for a
sustainable paper industry. In: Jorna, R.J. (ed.) Sustainable innova-
tion: the organisational, human, and knowledge dimension. SheÆeld:
Greenleaf Publishing.
6.2 Introdution
This hapter overs the Optihem Infonet projet, whih onerns an innovation in
paper prodution in The Netherlands. This innovation onerns the introdution
of deision support software that interonnets dierent knowledge domains that
lie at the basis of paper prodution. This deision support software intends to
make a ontribution to sustainability of knowledge. The introdution of deision
support software serves two objetives. Primarily, this projet intends to improve
issues of personal safety surrounding the use of hemials. Seondarily, the obje-
tive is to redue hemial spills. Together these objetives aim to ontribute to
an improvement of the overall sustainability of the value hain of paper produ-
tion, i.e. ontribute to the sustainability of knowledge of the value hain of paper
prodution.
Besides paper mills that atually produe paper, paper prodution involves
multiple other organisations, suh as suppliers of hemials or installation builders.
The set of organisations that is involved in paper prodution from raw material
until paper is what we identify as the value hain of paper prodution. For brevity,
we use the term paper prodution to refer to the omplete value hain of paper
prodution.
Despite several initiatives to improve the sustainability of paper prodution,
the usage of hemials in the prodution proess hampers a further development
towards sustainability. Gradually, hemials entered into paper prodution en-
abling the prodution of a large portfolio of paper-based produts. Currently,
hemials are a neessity to paper prodution. In spite of its advantages, the use
of hemials in paper prodution also introdued a number of problems, presently
standing in the way of the paper prodution's pursuit for sustainability.
Improving the paper prodution's sustainability and sustainability of know-
ledge is diÆult, beause the knowledge of sustainability that is neessary for
these improvements stems from multiple knowledge domains that are separated
from eah other. First, knowledge of hemials is sare in paper prodution, and
mainly resides with suppliers of hemials. Seond, not only knowledge of hemi-
als, but also on paper making, engineering, eletronis, and organising are of im-
portane in paper prodution. Espeially the integration of the various knowledge
domains plays an important role in the targeted improvement of sustainability.
Problems related to hemials in paper prodution are not restrited to the hemi-
al domain. A lak of oordination between tasks that use the identied knowledge
domains is identied as ause for these problems. Results are all sorts of problems
ourring during the exeution of various tasks. For instane, a mehani who
repairs a mahine opens a valve that still ontains an aidi substane, and just
is able to avoid it hitting him. In this situation, the mahine's operator forgot to
inform the mehani about the possible dangers.
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In general, the way in whih hemials are handled is ruial in any type of
prodution proess in whih hemials are of seondary importane. The Optihem
Infonet projet attempts to support employees exeuting various tasks in paper
prodution, providing them knowledge of hemials. We argue that employees are
only able to oordinate their individual ations within paper prodution regarding
personal safety, when they have knowledge of hemials.
6.3 Organisation
6.3.1 Value hain of paper prodution
Paper prodution onsists of several proesses, onsisting of various tasks. Using
our typology of tasks from setion 3.2.1, we divide the proesses in paper pro-
dution into a main proess and several seondary proesses (see gure 6.1). The
main proess onsists solely of primary tasks; the seondary proess onsists only
of seondary tasks. The main proess of paper prodution onerns the trans-
formation of wood bres into sheets of paper. A proess struture is used that
has been onstant for enturies. In short, paper is produed in seven phases on
a paper mahine: (i) grinding wood into small bres; (ii) bleahing; (iii) adding
water to turn the bleahed bres into paper pulp; (iv) sorting and diluting the
paper pulp; (v) forming paper sheets; (vi) pressing; and (vii) thermal drying. The


























Figure 6.1: Value hain of paper prodution
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Chemials are dosed at multiple plaes in the paper prodution proess. For
instane during the bleahing phase, bleah is added to whiten the paper. Other
hemials are added at dierent plaes during the prodution proess for example
to enhane the paper surfae or its texture. An overview of various treatments
using hemials is provided by Bos, Veenstra, Verhoeven, and de Vos (2004).
Several seondary proesses are reognised that ensure the funtioning of the
main proess of paper prodution. As stipulated before, the fous of this study is
on the use of hemials within paper prodution. We identify three seondary pro-
esses in whih hemials play a part. First, the proess that delivers hemials in
the atual paper prodution proess onsists of the tasks (i) produing hemials
and (ii) transportation of these hemials to a paper mill. The parties involved
in the delivery of hemials are the produer of the hemials and the transporta-
tion organisation. Seond, we reognise the delivery of installations that are used
within the main proess. Installation builders and tters exeute tasks within
this proess. The installation builder builds the neessary installations, whereas
the tter installs the installation at the paper mill's prodution oor. Third, we
reognise the servie proess. In this study, the two servie tasks of leaning and
maintenane are identied. Other tasks in the servie proess are for instane
maintenane, purhasing, etetera. The leaning task refers to the leaning of
a paper mill's prodution oor and its installations; professional leaners exeute
this task. Maintenane organisations perform the task of maintaining the dierent
installations of a paper mill.
6.3.2 Optihem Infonet
The Optihem Infonet projet is exeuted in the value hain of paper prodution in
The Netherlands. Partiipants to the projet are a produer of hemials, a trans-
portation organisation, an industrial leaner, a mahine builder, and ve paper
mills. The transportation organisation, industrial leaner, mahine builder, and
one paper mill are small- and medium sized enterprises, loally owned. The pro-
duer of hemials and all exept one paper mill are multinational organisations,
with headquarters outside The Netherlands. Big River Innovation, an organisa-
tion that advises industrial parties and governmental institutions in improving
their performane, initiated the Optihem Infonet projet. Big River Innovation
also initiated the Optihem platform, whih is a disussion panel onsisting of
several hemists from dierent Duth paper mills. During regular meetings of the
Optihem platform, the need was expressed to enhane the knowledge of hemials
within paper prodution in the paper industry.
The foundation Optihem Infonet oordinates the Optihem Infonet projet.
The foundation's mission is enhanement of knowledge on hemials in the value
hain of paper prodution. The foundation's objetive is to beome the knowledge
entre of hemial usage in pratise through the reation, olletion, and distri-
bution of knowledge. It intends to improve the paper prodution's sustainability
through innovation. The primary group the foundation fouses on, are employ-
ees that work within paper prodution, whose tasks diretly or indiretly involve
hemials. The foundation atively involves paper makers, suppliers of hemials,
mahine builders, leaning, and maintenane organisations in her ativities.
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6.3.3 Sustainability and paper prodution
Sine the 1960's, sustainability has been an important issue in relation to pa-
per prodution in The Netherlands, resulting in the development of knowledge
of sustainability onerning many aspets of paper prodution. Due to a lak of
raw materials and an inreasing demand for paper, the paper industry needed to
searh for alternatives. As indiated before, waste paper has beome an essential
raw material used within paper prodution. In 2000, seventy-ve perent of raw
materials in paper prodution onsist of waste paper. Additionally, wood bres
inreasingly stem from sustainable grown forests. Together, the usage of waste
paper and sustainable grown wood assure a onstant ow of new raw materials
into the paper prodution proess. Furthermore, hemials urrently are reyled
in the prodution proess, whih resulted in a redution of the amount of pollution
at the end-of-pipe of paper mills.
However, in the Optihem Infonet projet the sustainability of paper produ-
tion in The Netherlands is not only explained in eologial terms. At this moment,
we assume that, in boundaries, the eologial optimum is reahed. Consequently, a
further improvement of the paper prodution's sustainability an be sought regard-
ing eonomi and soial aspets of sustainability. This approah aligns with the
distintion made by the `Triple Bottom Line' (Elkington, 1999) and the Brundt-
land ommittee (WCED, 1987). The eologial aspet only onerns one piee of
the puzzle. In the Optihem Infonet projet, the primary fous is on the improve-
ment of the soial sustainability of the paper prodution's, espeially with regard
to hemials.
Earlier, a lak of integration between the dierent knowledge domains was
brought forth as possible ause for problems that relate to the usage of hemials
within paper prodution. Improving the exhange of knowledge might prevent
suh problems from ourring in the future. Therefore, the value hain of paper
prodution needs to be innovated in order to resolve the dispersion and inoherene
of knowledge and its related problems.
One attempt to overome the identied dispersion of knowledge throughout
the value hain of paper prodution is the before-mentioned Optihem platform.
This platform joins hemial tehnologists from several paper mills, disussing
problems relating to amongst other things hemials. However, the Optihem
platform's reah is limited. Only individuals that work at paper mills partiipate
in the platform disussions. The platform identied that not all problems that are
enountered at a paper mill an be resolved. Having reognised its limitations, the
Optihem platform initiated the start of the Optihem Infonet projet.
The Optihem Infonet projet attempts to extend the integration of knowledge
domains that are relevant within the ontext of paper prodution, thus ontribut-
ing to sustainability of knowledge. A deision support system intends to realise this
integration. On the one hand the integration of knowledge domains is meant to re-
solve diret problems surrounding the usage of hemials. On the other hand, this
innovation removes barriers for further improving the paper prodution's sustain-
ability. The next setion disusses the business projet, in whih this innovation
is realised.
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6.4 The business projet: realising a deision sup-
port system
6.4.1 Problem statement and ognitive starting points
Currently, employees in paper prodution insuÆiently understand the relation
between hemial substanes and the relation between hemial substanes and
onstrution materials. An example is the rystallisation of a hemial storage
tank ausing a substantial loss beause of mixing up the wrong substanes during
unloading of hemials. A threat to transporters ours when they are assisted by
inexperiened and uninformed employees from a paper mill, who are responsible
for the unloading task. In this ase, it is unlear whih hemials are present at
the dispath site and whih of them are dangerous, espeially in ombination with
hemials being unloaded. A similar nding onerns the tasks of leaners, beause
they do not exatly know what hemials are left in the prodution proess and
how these hemials reat with water or the detergents they use for leaning.
The knowledge domain of using hemials in pratie appears to be an ill-
strutured domain. In pratial settings, multiple hemials are handled simul-
taneously, at various onentrations and under dierent irumstanes. Most of
the times it is not lear what spei ombinations of hemials, or onentrations
of hemials are enountered during the exeution of a task, nor the exat state
of these hemials (e.g. temperature, pressure). The human problem solver who
performs the task, therefore often is unable to assess the situation he enounters.
An obvious way to deal with suh situations, is to train employees onerning
hemials and their dangers, realising sustainability of knowledge in this fashion.
However, this is a time onsuming and expensive solution. Additionally, the eet
of suh training is diÆult to measure. And beause a human problem solver'
pereption is limited (see setion 3.2.1), the omplexity of the problem is hardly
redued. Another solution is to apply expertise from outside the rm. This solu-
tion is expensive as well, and in most of the ases, the expertise will not t the
spei ontext of the ompany. And still the omplexity of the problem remains.
Therefore, we hoose another solution, using ICT to bridge the knowledge gap be-
tween the knowledge domain of ertain human problem solvers and the knowledge
domain of hemials.
It should be possible to redue the knowledge gap in paper prodution regarding
knowledge of hemials and bridge the distane between the knowledge domain of
hemials and the other knowledge domains that reside in paper prodution using
a omputer system, whih is able to store hemial data and information, to reason
with the data and information in a spei ontext and to present the information
in an understandable way. Deision support systems seem appliable, for they have
proved to be suessful in many other domains (e.g. Keen & Sott Morton, 1978;
Klein & Methlie, 1995; Turban & Aronson, 2001). We identify the appliation of a
deision support system as a andidate solution for the problems assoiated with
the knowledge gap. The orresponding researh question is how to interonnet
the hemial domain and the paper prodution domain using a deision support
system in order to improve the personal safety in paper prodution?
The Optihem Infonet ase entres around a situation of knowledge rossover
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(see 3.2.2). A deision support system is used to bridge the gap between the foreign
domain of hemials and the domesti domains of various employees in paper
prodution. It is insuÆient to oer solely hemial expertise via a deision support
system, beause the users (from paper prodution) lak prior knowledge about
the unfamiliar domain to proess information properly. To bridge two distint
knowledge domains the deision support system design should inorporate features,
whih enhane the proesses of aommodation and assimilation of human problem
solvers (see setion 3.3.1). This has onsequenes for the knowledge eliitation
and the human-omputer interfae. Knowledge about the human problem solvers
needs to be eliited, and subsequently embodied in the deision support system
(see setion 3.3.1).
In this study, a prototype deision support system having two distint user
interfaes is onstruted and tested. First, this prototype is onstruted, losely
onneting to the unloading task of truk drivers and the leaning task of leaners.
Seond, this prototype is used in a user test, to determine the adequateness of a
human-omputer interation design for support regarding these tasks.
6.4.2 Knowledge eliitation
All data and rules in the Optihem Infonet deision support system are eliited
from hemial and safety experts. Choies are made with respet to what informa-
tion is taken into aount in the assessment of the safety risks and the assoiated
ountermeasures. Yet, another important aspet regarding the fous on know-
ledge rossover is the involvement of pratitioners. These individuals are engaged
in day-to-day deision-making in a partiular domain (Shreiber et al., 2000). We
assume that knowledge from a pratitioner an enhane knowledge rossover be-
ause they are able to link expliitly the (same) knowledge domain from eld A
to appliation B.
Pratitioners are those employees with exposure to and experiene in the do-
main. However, they master the onepts and theories in the domain to a lesser
extent (Hinds et al., 2001). Researh by Hinds et al. (2001) showed that novie hu-
man problem solvers instruted by pratitioners performed better in the exeution
of a new task than novie task performers instruted by experts. In omparison
to experts, pratitioners use more onrete statements and basi onepts dur-
ing instrution (instead of using abstrat statements and advaned onepts). In
ontrast, instrutions by experts lead to better results when the learnt task was
slightly hanged. Hene, the abstrat statements and advaned onepts provided
by experts were more generally appliable. We expet that the ombination of the
two will ontribute to knowledge rossover.
6.4.3 The human-omputer interfae
Setion 3.3.2 disusses various ways to organise the ommuniation between a
deision support system and its user(s). In this ase, the deision support sys-
tem's omponent of interest is the human-omputer interation. Regarding the
design of the human-omputer interation, two dimensions have been identied:
the rational-funtional dimensions and the simpliity-omplexity dimension. In
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setion 3.3.2, we already indiated that a funtional struture onnets losest to
the purpose of a deision support system. The question remains what position on
the simpliity-omplexity dimension serves the purpose of deision support sys-
tems.
In searh for the position on the simpliity-omplexity dimension, in the Op-
tihem Infonet ase both the simpliity and the omplexity strutures are used as
design priniples for the deision support system's human-omputer interation.
We performed several tests to determine the most suitable struture with respet
to eetive deision support and learning. The results are disussed later in setion
6.5.
We argue that the two strutures need dierent navigation tools. The simpli-
ity approah denotes the extent to whih a deision support system is simple and
easy to use. Furthermore, we ouple the funtional struture to simple strutures.
Simple strutures need little navigation eort or tools to navigate (Puntambekar,
Stylianou, & Hubsher, 2003). For instane, one an easily follow the paths of
a hierarhial struture to nd the right information suitable for the task (e.g.
an index of a website). Also, the use of a wizard to navigate bak and forth to
go through a series of neessary steps to aomplish a task is regarded a simple
struture (e.g. Wright, Fields, & Harrison, 2000). Instead of disussing naviga-
tion within simple strutures in detail, we argue that `standard' interfae design
guidelines over this appropriately (see among others Norman, 1989; Wright et al.,
2000) (see also setion 3.3.2).
6.4.4 Objetive and targeted users
The goal of the deision support system is to improve the personal safety of em-
ployees exeuting a variety of tasks in paper prodution. This is done by reduing
the knowledge gap between the hemial domain and other knowledge domains
that are used in their tasks. In this manner, an attempt is made to ontribute to
the sustainability of knowledge in the paper industry.
Phase one of the Optihem Infonet initiative has resulted in a rst deision sup-
port system prototype. This prototype was built to support the tasks of dosage
unit operators and dosage unit mehanis. The rst prototype however had not
been tested. The prototype shows the feasibility of task spei support (Jorna
et al., 2004). The seond phase of the projet resulted in a new design and or-
responding prototype. This new prototype an be seen as the seond test and
feasibility study for the overall projet. We only treat the elements that are rel-
evant for the design of the seond deision support system prototype here. This
setion disusses the CommonKADS onept level models (Shreiber et al., 2000).
The seond prototype is meant to provide deision support regarding the tasks
of leaning and unloading
1
. Figure 6.2 shows the dierent steps of the leaning
1
It has been our aim to ontinue the work from the rst stage in the seond stage. At the
start of the seond stage of the projet, we announed to do user-tests with Optihem Infonet.
Paper mills were reserved to partiipate in user-tests of the Optihem Infonet deision support
system, whih involved mahine operators or mehanis. They pitured the Optihem Infonet
more suitable for support of management, for instane to make purhasing deisions. This was
not our objetive.
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task. We hoose not to disuss the leaning task with respet to ontent, beause
this is ontext-spei. Instead, we are interested in the preparation of eah task
with an emphasis on safety. We an distinguish two parties that are involved in
the leaning task. The primary party onsists of the team of leaners and their
projet manager. The leaners exeute the leaning tasks; the projet manager
is responsible for the preparation and overall quality of the leaning task. The
seondary party onsists of the prodution manager of the paper mill, who is













Figure 6.2: Ativity diagram leaning task
The projet manager starts a leaning task with a projet preparation. He
visits the fatory site and investigates the task environment together with the lo-
al prodution manager. During this phase, issues assoiated with hemials and
safety are disussed and doumented. After the preparation phase, the atual
leaning task starts with a work brieng and safety brieng of the leaning team
by the projet manager. Standard proedures (work instrutions) and the dou-
mented projet preparation are ombined here. When the leaning team has been
informed about the task at hand, the projet manager seures the targeted mahine
and its environment, and the leaning team installs the needed detergents, tools
and equipment. Before the leaning team starts leaning, a last authorisation all
from the prodution manager is needed. Depending on the situation, the leaning
task is performed mehanially or hemially. Inspetion takes plae during the
atual leaning of the mahine and after the leaning job. After all equipment
has been put away safely, responsibility regarding the mahine is reassigned to the
171
Chapter 6. Case study: Optihem Infonet
prodution manager.
Cleaners all are trained by the leaning ompany. Their training start with the
simplest leaning tasks, and progressively move to more omplex. Eah task that
is taught to a leaner rst is instruted. Then, after having performed the task in
pratie for a while, their training is ontinued. Cleaners are trained regarding the
various methods of leaning that an be used, appliable tools, and eonomi on-
sequenes of their ations. Conerning leaning methods, leaners reeive instru-
tion about mehanial and hemial methods. Regarding eah method, available
tools are explained. For instane, brushes are used for mehanial leaning, as
well as high pressured water hoses; various kinds of detergents are used for hemi-
al leaning. Conerning the eonomi onsequenes of leaners' ations, they are
informed about the eets of their ations in various ontexts. This information
onerns both the diret eet on their personal safety, as well as the osts their
ations ause. For instane, the use of water (H
2
O)in the viinity of austi soda
(NaOH), is highly dangerous. A mixture of water and austi soda is highly
reative and heats up quikly. The formed solution gets austi properties, and
if touhed auses severe burns on the skin. During their training, leaners are
informed about suh risks and also about the osts of leaning when suh events
our.
The unloading task refers to the unloading of a truk by its driver into some storage
faility. With respet to the unloading task, again we an distinguish two parties.
The primary party onsists of the truk drivers and the seondary party is the
responsible expedition employee of a paper mill. The truk driver is responsible
for the transport of the hemial load and his truk. Conerning the hemial
substanes he is arrying, his responsibility ends at the unloading point. Then,
responsibility is transferred to the employee of the paper mill.
Figure 6.3 shows the deomposition of the unloading task of the transport
ageny. After the truk driver reeives loal safety instrutions, he has to nd
the orresponding site manager for the delivery of the hemials. Additionally, he
has to nd the proper loation for delivery. There are usually multiple delivery
loations at the site of a paper mill. When the truk driver is at the right loation,
he reeives loal work instrutions and heks whether the apaity of the storage
tank orresponds with the trukload. When the storage tank apaity is insuÆ-
ient, no delivery takes plae. After the apaity hek, the truk is oupled to
the proper oupling point, and the unloading of hemials starts. When the tank
truk is empty, the truk deouples from the oupling point and both driver and
loal personnel lean the delivery site with water. The last ation is the weighing
of the truk, to hek whether the right amount of hemials has been delivered.
Truk drivers all are in possession of the neessary ertiates to transport
hemials in Europe, as imposed by authorities. These ertiates are the appro-
priate driving liense, drivers diploma, and the ertiate for transporting dan-
gerous substanes. In addition to these obligated ertiates, drivers are trained
by their transport ageny onerning the truk they drive and substanes they
arry. With eah delivery, drivers reeive additional instrutions about the hemi-
als they arry and the loation where they unload their argo. Lastly, eah truk
is equipped with a handbook about dangerous substanes, whih drivers an hek
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Find location of the deliverance pointFind responsible manager
Figure 6.3: Ativity diagram unloading task
6.4.5 Method
Beause this study has two aims, namely (i) the onstrution of a deision support
system prototype, and (ii) testing the deision support system's human-omputer
interation in a user test, two distint approahes are followed. For the design of
the deision support system, a design method is used. The user test builds on a
testing protool. We disuss both, starting with the used design method.
Design
The design and implementation of knowledge oriented deision support sys-
tems, is overed by the eld of knowledge engineering. The Optihem Infonet
projet uses the CommonKADS methodology (Shreiber et al., 2000). This is a
methodology for knowledge design and knowledge engineering. CommonKADS is
an extension of the KADS methodology (e.g. Tansley & Hayball, 1993). KADS
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stands for Knowledge Aquisition and Doumentation System. See setion 3.3.2
for more information about CommonKADS.
The CommonKADS methodology distinguishes three levels of design: the on-
text, the onept, and the artefat level. In preeding setions, the ontext of
the Optihem Infonet projet has been desribed, providing the lling-in of the
ontext level of desription of CommonKADS. What remains are the onept and
artefat levels. These are disussed in the next setions.
The onstrution of models at the onept and artefat levels of CommonKADS
are design ativities (see setion 4.2.2). To design models of the onept level,
information about the knowledge domain and the interation between user and
deision support system is required. For the onstrution of the knowledge model,
several interviews have taken plae. Interviewees have been experts in the eld
of hemials applied in the paper industry. Additionally, diretors of the partii-
pating transport ageny and leaning ompany, and various employees from paper
mills have been interviewed about the various tasks that employees from their
organisations typially perform.
The diretors of the transport and leaning ompanies, and employees from
paper mills have been asked to respond to various questions. We asked these
individuals to speify whih employees are responsible for a ertain task, what the
task struture is, and what tools are used during task exeution. More spei,
the diretor of the transport ageny was asked these questions in relation to the
unloading task, the diretor of the leaning ageny in relation to the leaning
task, etetera. Additionally, we questioned these individuals to provide examples
of dangerous situations that had ourred during the task, what symptoms had
been observed, and what auses had aused these dangerous situations. Lastly,
these individuals were asked to indiate whether they thought their employee had
too little task-spei knowledge at the moment the dangerous situation ourred,
and what aused this lak of knowledge.
The provided answers of the interviewees have been used as examples based
on whih a preliminary knowledge model has been onstruted. We used these
answers for what Shreiber et al. all \knowledge identiation" (Shreiber et al.,
2000, p.168). During knowledge identiation an initial exploration of the know-
ledge domain is onduted, identifying potential onepts of the knowledge model
(Shreiber et al., 2000, p.169). The domain experts have been questioned for the
stages \knowledge speiation" and \knowledge renement" (Shreiber et al.,
2000, .168). During knowledge speiation, the omplete knowledge model is
onstruted and the knowledge base is lled partially. Also, a task template is
hosen that desribes the supported task in generi terms (see hapter 6 Shreiber
et al., 2000). During knowledge renement, the onstruted knowledge model is
validated, and the knowledge base is ompleted (Shreiber et al., 2000, p.169).
Testing protool
The two user interfaes (see setion 6.4.3) are subjeted to a user test. The
objetive of this test is twofold. First, the determination of the eetivity of the
deision support system is determined. We question if the deision support system
enables users to determine the dangers of hemials better than they are able to
in their urrent situations. Seond, we ompare the eetivity of the interfaes.
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Test partiipants are all employees from the transport and leaning agenies,
who respetively perform the unloading and leaning tasks, as mentioned in setion
6.4.4 (N = 11 ). These employees are the appointed future users of the Optihem
Infonet deision support system. All partiipants had been working in their organ-
isations for at least three years. As indiated before, employees from the leaning
ageny have reeived internal training regarding hemials; employees from the
transport ageny all are have been ertied to transport dangerous substanes.
We used a pretest-posttest design (see for instane Robson, 2002). Both pretest
and posttest onern the partiipants assessing their personal safety. Written as-
signments were used to struture the pre- and posttests. Two assignments with
similar questions were used, one for the pretest and one for the posttest. Eah
assignment starts with a short desription of the ontext in whih a partiipant
presumably exeutes his task, and in whih a ertain hemial substane is enoun-
tered. Regarding this ontext desription, partiipants were asked to answer four
questions. Question one onerns assessing the dangers relating to the hemial
substane. Measures that need to be taken are the topi of question two. Question
three asks partiipants to speify if the initial hemial substane reats with a
spei seond substane. Finally, question four asks partiipants to speify the
dangers and possible ountermeasures relating to the reation from question three.
Additionally, partiipants were asked to indiate their level of knowledge in
relation to hemials and in relation to using omputers. A ve point Likert-sale
was used. A value of 1 denoted `very good'; a value of 5 denoted `poor'.
In the pretest, partiipants are allowed to use existing means they urrently
use in their tasks to make the assessment (e.g. hemial harts, material safety
data sheets). In the posttest, the partiipants assess their personal safety using
the Optihem Infonet deision support system. In relation to the deision support
system, to assess their personal safety within the work ontext, partiipants rst
need to ollet information regarding their safety. Seond, they need to retrieve
information onerning the preautions they an take, before entering the work
ontext. Prior to the posttest, the deision support system was initialised with a
limited set of harateristis of this work ontext. For this, experts were onsulted
to speify whih fators are of relevane regarding the personal safety of the par-
tiipants. This onerns information regarding safety in relation to hemials that
are present in the work ontext.
To test the two user interfaes, the partiipants were randomly divided into
two groups. Group 1 (n = 6 ) reeived instrutions to use the simple user interfae;
group 2 (n = 5 ) used the omplex user interfae.
We reorded the answers partiipants were able to provide regarding the as-
sessment of their personal safety, both in the pre- and posttest. Additionally,
regarding the posttest, the time a partiipant spends retrieving the information
from the deision support system is reorded. A maximum of 30 minutes is ob-
served.
After the posttest, partiipants were asked to speify their experienes regard-
ing the user interfae, expressing its strong and weak points. Additionally, we
asked partiipants to use the alternative user interfae (i.e. subjets who used the
simple user interfae now have to use the omplex user interfae, and vie versa).
They were asked to indiate whih human-omputer interfae serves the purpose
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of providing deision support regarding their task best.
6.5 Results: designing and testing the deision
support system
This setion presents the results of this study. First, we disuss the design of
the deision support system prototype, having two distint human-omputer in-
terations. Seond, we present the results of the test of the two human-omputer
interations.
6.5.1 The design
This setion onsists of two parts. First, we deal with the knowledge and ommuni-
ation models and seond, the implementation model is addressed. Our disussion
on the knowledge model starts with the identiation of the task template. Sub-
sequently, we disuss the onstruted domain shema.
We lassify both tasks as `assessment' tasks. The objet that is reognised int
he assessment task template is to ategorise a spei situation based on a set
of domain-spei norms (Shreiber et al., 2000). The inferene struture of the











Data about a specific workplace (including 
chemical substances) and a task performer 
and his chemical resources
Abstractions like different reaction 
categories (e.g. thermolysis, 
alcylation) are added






e.g. applies to only one 
particular workspace
task performer is/is not 
in danger + suggested 
countermeasures
Figure 6.4: Inferene struture leaning and unloading tasks
Optihem Infonet reeives data about the human problem solver and the task
to be performed, i.e. information about a leaner and his leaning task, or a truk
driver and his unloading task. Together with data from the system about the
workplae (for instane a dosage unit or a delivery site), they form a ase. To work
with the ase, some data need to be abstrated. For example, the temperature of a
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mahine needs to be ategorised in lasses to assess reation speiations. Spei
norms are used to make an assessment, for example `orret leaning method' or
`reations between hemial substanes' (with a hemial ross-table). First, the
norms should be speied and then seleted for evaluation with ase data. Every
workplae has some situation-spei norms, whih are also used to evaluate the
ase data. A set of norm values is mathed after the evaluation to make a deision
regarding ountermeasures to prevent aidents.
A part of the domain shema is shown in gure 6.5 that resulted from our
interviews with the diretors of the leaning and transport ompanies, and paper
mill employees. It is the result of the knowledge identiation stage. A simpli-






































Figure 6.6: Domain shema: onepts
Both onepts are speied with a set of attributes. For larity reasons, we
suppressed the attribute types. A workplae is situated in a fatory, and houses
mahines and hemial substanes. A mahine an be a dosage unit or a oupling
point for unloading hemials. A workplae also has a loation at a fatory site.
Lastly, a workplae has a number of safety regulations often aptured in work
safety douments. The onept task performer denotes the human problem solver
that enounters a hemial substane, while performing his task in the workplae.
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A task performer has a ertain level of experiene and eduation. Next to that, he
follows a ertain task method and uses ertain hemial resoures to aomplish a
task.
Using both the interviews from the diretors of the leaning and transport
ompanies, employees from paper mills, and domain experts, the initially reated
knowledge model has been speied further. The results of this renement are
shown in gures 6.7 and 6.8. These gures extend gure 6.6 with additional on-
epts of the knowledge domain of the paper industry relating to hemials. With
this extension, we have relabelled the onepts of task performer and workplae,
to make them more generally appliable. Reasoning steps have been embedded
in the struture of the domain shema as muh as possible. In other words, rules
are not expliitly stated but inherently embedded in the domain shema. We will











































Figure 6.7: Domain shema Optihem Infonet part I (inspired on Peters, 2006,
p68)
The rst part of the domain shema is shown in gure 6.7. Figure 6.7 en-
tres around the onept Chemial-substane. This onept denotes a hemial
substane that a truk driver or leaner might enounter, performing his task. A
hemial substane is identied by its hemial name (Chem-name), CAS num-
ber, or ommonly used name (Alt-name). Conneted to a hemial substane, we
identify two types of reations. A normal reation, denoted by the Reation on-
ept, onerns a reation between two hemials. A temperature driven reation
is denoted by the onept TemperatureReation and onerns reations between
hemial substanes that our under the ondition of ertain temperature. A
pressure-driven reation is denoted by the PressureReation onept. The on-
epts R-phrases and S-phrases denote standard labels for respetively dangers and
safety measures. These labels are given to either a hemial substane or to a
reation between substanes. In addition to an s-phrase, the PBM (Duth for
`Persoonlijk Beshermingsmiddel') denotes measures for personal protetion, suh
as reproof lothing or safety goggles. The Experiene onept is used to store
experienes of human problem solvers, regarding ertain reation, whih they expe-
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riene doing their jobs. The Chem-supplier onept denotes the hemial supplier
of the hemial substane. This onept has been inserted, beause hemial sup-
pliers eah produe their own, spei mixture of hemial substanes. Therefore,
it for instane is possible that hydrohlori aid (HCl) from two suppliers reats
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Figure 6.8: Domain shema Optihem Infonet part II (inspired on Peters, 2006,
p.68)
Figure 6.8 shows the seond part of the domain shema, and entres around
the onept Person, whih denotes the human problem solver that is supported.
This onept is inluded in the knowledge model, beause personal experienes
and advies of individuals are reorded in the knowledge base. The Company
onept denotes the ompany a person works at. The onept Task desribes a
task that is part of a ompany's business proess. A person who exeutes a task,
exeutes this task at the site of a ertain ompany. The onept Measure denotes
a ountermeasure that is suggested by a person regarding a reation. The Personal
Safety onept similarly onerns personal protetion that is suggested by a per-
son, regarding a reation. Two onepts from gure 6.7 are repeated here. These
are the Reation and Experiene onepts. Persons are able to input information
about reations and experienes in the deision support system.
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Reasoning in the presented domain shema equals looking up ertain fats in the
domain shema. For instane, information about a reation between hydrohlori
aid and austi soda results in querying instanes of the Reation onept. If
one of the instanes involves both hydrohlori aid and austi soda, details of
this instane are returned, inluding dangers of the reation, measures for personal
protetion, and experienes of others. Alternatively, in rules this query would look
like this:
reation.involves1.hem-name = `hydrohlori aid'
AND
reation.involves2.hem-name = `austi soda'
INDICATES
reation.desription = `sodium hydroxide is formed'
reation.desription = `sodium hydroxide is formed'
IMPLIES
reation.safety-measure.number = 1, 5, 18
AND
reation.involved danger = 3, 5, 6
These lines should be read as follows. In ase two hemials are reating, the
rst being a solution of hydrohlori aid (HCl(aq)), and the seond a solution
of austi soda (NaOH(aq)), then sodium hydroxide (NaCl(aq) + H 2O(l)) is
formed. Subsequently, if sodium hydroxide is formed, then S-phrases 1, 5, and 18
are appliable, expressing the safety measures that need to be taken. Similarly,
R-phrases 3, 5, and 6 indiate the dangers involved in this reation
2
.
The ommuniation model for this prototype is simple; two transfer funtions (see
setion 3.3.2) are used. The `reeive' transfer funtion is used at the start of the
inferene struture. At this point, the human problem solver has to supply the
system with data and information about his task and his workplae . When the
system has reeived all required data, the deision support system presents the
nal results to its user, using the `present' transfer funtion.
Regarding the onept `model of user' (see setion 3.3.1), we have taken the
additional measure of wording onepts in the user-interfae as simple as possible.
Cleaners and truk drivers are said to possess enough knowledge about hemi-
als to knowledge various hemial substanes. Additionally, from our interviews
they are assumed to understand the mehanisms underlying hemial reations in
simple terms. What we mean is that truk drivers and leaners knowledge what
substanes should not be mixed and what personal protetion they should wear;
they are not trained in understanding hemial formulae and reation formulae.
Beause the Optihem Infonet deision support system still is in the prototypial
stage, we refrained from expliitly separating the `domain model' from the `model
of user' in the seond prototype.
Conerning prototype implementation, we hose a funtional struture regard-
ing the human-omputer interfae. We will vary on the simpliity versus omplex-
2
The provided example is for illustration purposes only. The reation does take plae, however,
the S- and R-phrases are titious.
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ity dimension to determine a suitable struture for deision support. The simple
struture human-omputer interation of our prototype uses a wizard navigation
struture, in whih the user is navigated through several sreens, eah sreen on-
taining one funtion. The omplexity struture human-omputer interation of our
prototype onerns one sreen, whih provides the user with all of the prototype's
funtions.
6.5.2 The prototype
The prototype is built as a web-based, three-tier (a database logi, business logi,
and presentation logi layer) deision support system. A standard database im-
plements the database logi layer
3
. An Algernon rule-base (Hewett, 2004) that
ontrols database aess, ombined with a Tomat JavaServer Page server (The
Apahe Software Foundation, 2004) form the prototype's business logi and pre-
sentation logi layer. The database has been developed using the Protege ontology
and knowledge base editor (Stanford Medial Informatis, 2004). With the hosen
arhiteture, the Optihem Infonet deision support system an be aessed using
a standard web-browser (for instane Mozilla, 2006).
Figures 6.9 and 6.10 present the simple and omplex interfaes that have been
build for the Optihem Infonet deision support system. Beause the deision
support system targets users from the Netherlands, the Duth language is used.
In gure 6.9, the simple version of the user interfae is presented, whih is
based on the idea of wizards (see setion 6.4.3). The simple interfae onsist of
ten sreens. Figure 6.9 shows three of these. Eah sreen has the same struture
and funtionality. At the top of eah sreen the name of the appliation, the step
that is urrently presented, and the target of that partiular sreen are displayed.
The body of the sreen either presents the user with several options to hoose from,
or presents information that results from the deision support system's reasoning.
When the user starts the deision support system, a sreen is opened that
informs him about the various steps that he has to go through to omplete his task
in relation to the deision support system (i.e. informing himself about hemials
he enounters while doing his job).
3
We used a Mirosoft Aess database. Information an be found at http://oÆe.mirosoft.-
om/en-us/FX010857911033.aspx (retrieved 2 September 2004)
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Figure 6.9: Simple version of user-interfae Optihem Infonet deision support
system
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Eah of the remaining nine sreens of the simple user interfae relates to a
funtion. Sequentially, the user manoeuvres through the following sreens:
1. Selet task;
2. Selet loation;
3. Selet hemial supplier;
4. Selet hemial substane (top-left sreen in gure 6.9);
5. Overview of dangers (bottom-left sreen in gure 6.9);
6. Overview of ountermeasures and preautions;
7. Selet seond substane to determine reations;
8. Overview of reation dangers (right sreen in gure 6.9);
9. Overview of ountermeasures and preautions against reation.
Beause the deision support system support the two tasks of unloading and
leaning, the user rst has to speify whih task he is performing. Next, the user
needs to expliate at what loation he performs his task. Subsequently, of the
enountered hemial, the supplier and the name of the substane must be pro-
vided. Using the provided values of task, loation, hemial supplier and hemial
substane, the deision support system presents an overview of the hemial sub-
stane and the dangers that relate to it. In the next sreen, the ountermeasures
and preautions that the user an take to safeguard him against these dangers are
displayed. Prinipally, these six steps enable the user to make an estimation of the
dangers he an experiene regarding a hemial he enounters, and take adequate
safety measures.
Sreens seven to nine relate to situations in whih the initially seleted hem-
ial (sreens three and four) reats with another hemial. In sreen seven, the
user an make a seletion of a seond hemial substane. The list that is pre-
sented ontains only hemials that are known to reat with the initial hemial
substane. Sreen eight provides an overview of the dangers that relate to the
reation between the initially and seondly seleted hemial. Finally, sreen nine
presents the ountermeasures and preautions the user an take to protet himself
from these dangers.
The omplex interfae has been built from the idea of providing as muh omplexity
of the hemial domain in one sreen. The omplex user interfae is shown in gure
6.10.
Instead of guiding the user through a sequene of steps, using multiple sreens,
the user is able to determine his own struture in the omplex user interfae. In
the top setion of the sreen several initial hoies need to be made. Similar to
sreens one to four of the simple user interfae, the user needs to speify his task,
his loation, and the hemial supplier and hemial substane he enounters.
In the bottom of the omplex user interfae, information about the substane is
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presented in the three left-most tabbed panes of gure 6.10: the rst pane provides
information about the substane; the seond about its dangers; the third about
neessary ountermeasures and preautions.
Also, the top of the omplex user interfae enables the user to speify a seond
hemial substane that reats with the initially hosen one. This an be done
in the top-right part of the omplex user interfae. If the user selets a seond
hemial substane, the two right-most tabbed panes beome visible in the bottom
of the sreen. If no seond hemial substane is seleted, these panes normally
are greyed-out. The fourth pane informs the user about the dangers regarding
the reation between the initial and seond hemial substanes. The fth pane
provides information about possible ountermeasures and preautions the user an
take to protet him against these dangers.
Input primary chemical 
substance
Input secondary chemical 
substance




Reports of dangers 
(symbols and R-
phrases)
Figure 6.10: Complex version of user-interfae Optihem Infonet deision support
system
Both user interfaes have been implemented as Java ServerPages. A text editor
was used to build the JavaServer Pages. A standard web browser is used as a lient.
6.5.3 Test results
Despite various sorts of training the partiipants reeived, they report to have
a mediore to poor understanding of hemials. Similarly, they report a poor
understanding of using omputers.
None of the partiipants was able to perform the pretest assignment, although
they were allowed to use every means they urrently use while performing their
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task (e.g. hemial harts, material safety data sheets). Some of the partiipants
admitted to never have used any of these means. Additionally partiipants re-
ported that these means mostly are unavailable.
The results from the user posttests are summarised in table 6.1. Time is
rounded to omplete minutes. The perentages onern the number of items a
partiipant was able to retrieve from the deision support system, in omparison
with the number of items provided by the deision support system. In other words,
a sore of 62.5% on question 1 by partiipant 1 indiates that 62.5% of the items in
the deision support system were found by the partiipant. Partiipant 6 refused
to use the deision support system.
Table 6.1: Posttest results Optihem Infonet deision support system
InterfaeSubjetT ime Posttest
version (min:) Q1 Q2 Q3 Q4 Total
Simple 1 17 62:5% 80:0% 100:0% 0:0% 48:1%
2 5 75:0% 90:0% 100:0% 53:8% 71:4%
7 21 100:0% 80:0% 100:0% 75:0% 88:9%
10 5 100:0% 80:0% 100:0% 100:0% 72:2%
11 9 87:5% 40:0% 100:0% 50:0% 47:2%
Complex 3 7 62:5% 60:0% 100:0% 33:3% 59:6%
4 22 100:0% 20:0% 100:0% 61:5% 53:6%
5 7 100:0% 50:0% 100:0% 30:8% 50:0%
8 20 87:5% 0:0% 100:0% 0:0% 25:0%
9 9 87:5% 80:0% 100:0% 75:0% 83:3%
In ontrast to the pretest assignment, partiipants were able to answer all
of the posttest questions. Partiipants using the simple version user interfae
spent on average 11.4 minutes to aomplish the omplete assignment ( =
11:4 min:;  = 6:5 min:). Users of the omplex version on average spent 13
minutes ( = 13:0 min:;  = 6:6 min:). Hene, the simple version interfae
enables employees from transport and leaning agenies to assess their personal
safety in a shorter time. Regarding the information this was retrieved from
the deision support system, a similar result is found. Overall, the simple ver-
sion enables users to retrieve more information from the deision support sys-
tem ( = 65:6%;  = 15:9%), than the omplex version of the user interfae
( = 54:3%;  = 18:7%).
Looking at every question individually, the following pattern beomes visible.
Regarding question 1, the omplex interfae supported partiipants slightly better
( = 87:5%;  = 13:7%), than the simple version ( = 85%;  = 14:6%). Re-
garding question 3, no dierenes have been found between the use of the simple
or omplex version of the user interfae. Regarding questions 2 and 4, the simple
version performs better (respetively  = 74%;  = 17:4% on question 2, and
 = 55:8%;  = 15:9% on question 4), than the omplex version (respetively
 = 42%;  = 28:6% on question 2, and  = 40:1%;  = 26:1% on question 4).
Hene, overall the simple version of the user interfae provides better support
regarding the assessment of personal safety in relation to hemials for the em-
ployees from the transport and leaning agenies. The simple version provides
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better support regarding the determination of possible ountermeasures. This
onerns ountermeasures in relation to both one hemial substane, and a rea-
tion between two hemials (questions 2 and 4). The determination of reation
possibilities of on hemial substane with a seond one is supported equally well
by both interfae versions (question 3). However, the omplex interfae shows bet-
ter support in relation to the determination of dangers that relate to a hemial
substane (question 1).
In spite of the above ndings, the partiipants report to favour the omplex user
interfae more than the simple version. The reason most partiipants provide, is
that the omplex version provides more insights into all possibilities of the deision
support system.
6.6 Conlusions
The next step in improving the sustainability of paper prodution onerns im-
proving knowledge proesses. Until now, paper prodution mainly foused on the
environmental aspet of sustainability. However, these initiatives did not entirely
over the idea of sustainability. Improving paper prodution's sustainability also
has impliations regarding the use of hemials. This onerns the handling of
hemials, and the quantity of hemials used.
Chemials have been introdued in the paper industry without onsidering the
on eets on the tasks of individuals in the industry. The tehnologial advanes
that this introdution realised are annulled beause knowledge of employees about
hemials stayed behind. Currently, the lak of knowledge about hemials and
lak of integration of knowledge domains, is the ause of personal injuries, environ-
mental problems, and waste of resoures and nal produt. Employees in paper
prodution are unaware of dangerous situations regarding hemials, and are un-
able to prevent or resolve suh situations. The innovation the Optihem Infonet
projet attempts to realise, is the integration of dierent knowledge domains that
relate to paper prodution.
The integration of knowledge domains that link to paper prodution are in-
tegrated by the Optihem Infonet deision support system. The urrent deision
support system prototype provides task-spei support to leaners and truk
drivers regarding hemials. Knowledge from the hemial knowledge domain, and
knowledge about the paper mill where a leaners and truk drivers respetively
lean and unload argo, is enoded in the deision support system. Additionally,
employees are able to extend the enoded knowledge, expressing their own ex-
perienes and feeding these to the deision support system. Lastly, the deision
support system embeds knowledge about its users: leaners and truk drivers.
The prototypes that have been built, show that it is possible to onstrut dei-
sion support systems for inoherent knowledge domains, suh as paper prodution.
During the build however, we experiened similar problems that are identied to
have aused the lak of integration of the paper prodution domain in the rst
plae. First, the paper industry is an inoherent value hain. Many dierent or-
ganisations omprise the value hain of paper prodution. These organisations do
not ooperate; they do not transfer knowledge or experienes regarding hemials.
The impliation for the Optihem Infonet projet was that data gathering required
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us to interview all parties involved, to be able to ompose a omplete view on the
domain, and to integrate the various views on paper prodution of the dierent
parties.
In the seond plae, organisational barriers are in plae that hamper knowledge
transfer within paper mills. The Optihem Infonet projet targets employees at the
lower ehelons of organisations. It aims to provide task-spei support to those
individuals who experiene problems regarding hemials. In paper mills, these
individuals are, among others, mahine operators and mehanis (i.e. the groups
targeted by the rst Optihem Infonet prototype). Targeting these employees
proved to be diÆult. For most of the partiipating paper mills are foreign-owned,
investment deisions are not made by loal plant managers. This arrangement
fored us to abandon the path hosen in the rst prototype.
Besides these problems that relate to the organisation of paper prodution,
as in most software development trajetories, user-aeptane was assumed to be
problemati. In our user-tests, leaners and truk drivers rst enountered the
prototype and were asked to operate it. Despite initial hesitation, most partii-
pants were able to operate the prototype without diÆulties. At the end of the
test several partiipants showed enthusiasm about the possibilities of the proto-
type, and indiated that suh an appliation would help them perform their tasks,
being able to assess possible dangers better.
In spite of enountered and assumed problems, we have been able to build a proto-
type that reets the knowledge domain of the paper industry to a ertain extend.
In interviewing various people from the industry and the hemial domain, we
fored these people to think about the knowledge domain of paper prodution as
a whole. In other words, they needed to piture their domain of expertise in rela-
tion to the various other knowledge domains of the paper industry, and integrate
them. In this proess of integration, sustainability of knowledge has been realised;
knowledge from dierent knowledge domains has been integrated. Additionally,
the knowledge domain of paper prodution regarding hemials has been made ex-
pliit (see gures 6.4 until 6.8), ontributing to knowledge of sustainability about
hemials.
Finally, the seond prototype of the Optihem Infonet deision support system
has been tested in a user-test. In this user-test, we foused expliitly on the dei-
sion support system's user-interfae and the impliations of the hosen struture
(simple versus omplex) used to present information about the paper prodution
knowledge domain. Our results show that the struture used to present informa-
tion has an eet on knowledge transfer from deision support system to human
problem solver (i.e. leaners and truk drivers). A simple struture enables lean-
ers and truk drivers whose tasks are respetively leaning and unloading hemials
in paper prodution to better assess their personal risks. Additionally, the simple
struture enables these individuals to better determine possible measures they an
take to prevent these risks. The omplex user-interfae aused users to wander
around in the presented knowledge domain longer. Although only 11 individuals
partiipated (of whih 10 are shown in table 6.1), these onern the entire leaner
and truk driver populations from the involved industrial leaner and transporta-
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tion ompany that perform tasks in the paper industry
4
.
However, our user-test did not allow the partiipants to pratie with the ap-
pliation. Our measurement therefore inludes time partiipants needed to learn
to operate the appliation. Following Fastrez (2002) (see also setion 3.3.2), we
expet that, in the long-run the omplex user-interfae provides a better way of in-
forming these individuals about the knowledge domain of paper prodution. While
a simple user-interfae provides better short-term support, one leaners and truk
drivers have learnt to operate the appliation a omplex interfae probably better
enables them to retrieve information form the knowledge domain. In omparison,
partiipants indiated to favour the omplex interfae over the simple after having
used both, providing better insight in to the omplexity of the knowledge domain.
The Optihem Infonet projet exemplies how deision support systems an be
used to realise sustainability of knowledge. Beause a deision support system is
build, a knowledge domain needs to be speied to suh a detail that it is possible
to translate the domain into a omputer model. This model is needed to be able
to enode domain knowledge in the deision support system. In the Optihem
Infonet projet, an integrated view on the various knowledge domains that relate to
paper prodution did not exist. During onstrution, an integrated view has been
produed (knowledge prodution). Additionally, for a deision support system to
provide support regarding a ertain knowledge domain, stored information needs to
be told to its users. The seond prototype of the Optihem Infonet deision support
system ommuniates with users in an understandable form. Conepts from the
hemial knowledge domain have been translated into terms that are understood
by leaners and truk drivers, enabling them to use presented information in their
tasks diretly (knowledge integration).
6.7 Reommendations
We hose a deision support system as a solution for a further improvement of the
paper industry's sustainability. The question remains, whether this is suÆient
to realise the intended improvement of sustainability of paper prodution. The
deision support system is not the end. First, beause a tehnial solution was
hosen. A tehnial solution always targets a spei problem that exists at a
spei moment. We argue that initiatives suh as the Optihem platform should
be onsidered as well, to omplement tehnial solutions
5
. Seond, the Optihem
Infonet deision support system is not the end beause of the harateristis of
sustainability. As explained in hapter 2, sustainability does not denote a nal
situation. Moreover, sustainability expresses a proess of identifying problems and
devising solutions for these problems. Finally, we do not laim to have aptured
the paper industry's entire domain within presented models. Its omplexity and
the diversity of involved parties hinder this apturing. In this projet, the paper
industry's knowledge domain ould only be overed partly.
4
As indiated by the diretors of the industrial leaner ad transportation organisation.
5
In omparison, in ase of AVEBE (see hapter 5), farmers are able to partiipate in soial
events in whih spei topis of starh potato growth are disussed. Suh events enable farmers
to exhange experienes onerning these topis. Our study of AVEBE shows that farmers who
partiipate to these events generate better yields.
188
6.8. Summary
The Optihem Infonet projet started a further improvement of the sustaina-
bility of the paper industry. We have shown that it is possible to model dierent
knowledge domains, to translate these into a tehnial tool, and to form bridges
between dierent knowledge domains in the deision support system.
In ase the Optihem Infonet deision support system is developed further, a
lear hoie has to be made onerning the employees and tasks that the system will
support. This hoie determines the feasibility of this further development. From
our study, the feasibility to develop the deision support system further for support
of employees from Duth paper mills is estimated low. Current organisation of
most Duth paper mills bloks initiatives suh as the Optihem Infonet deision
support system.
Next, we reommend the further development of Optihem Infonet to onen-
trate on knowledge eliitation. The prototypes that have been developed so far
fous on (i) determining the feasibility of integrating the various knowledge do-
mains involved in paper prodution, and (ii) the eet of user-interfae struture
on knowledge transfer from deision support system to leaners and truk drivers.
In other words, the prototypes foused on the internal storage struture of infor-
mation and presenting this information to users. What laks is a mehanism that
enables experts from the various knowledge domains of hemials, paper making,
engineering, eletronis, and organising to odify their knowledge in the deision
support system. To be able to ontinually update the deision support systems
knowledge base, suh a mehanism is required. Similarly, pratitioners should be
able to enter their experienes. Although the urrent struture provides user expe-
rienes to be stored in the knowledge base, we have not added suh funtionality
to urrent user-interfaes. Only if new knowledge is odied in the deision sup-
port system will it keep on providing deision support, being able to ontribute to
sustainability improvement of paper prodution in the long run.
6.8 Summary
Paper mills started using hemials to enlarge their produt portfolio and market
share. Employees from various organisations who perform tasks at paper mills,
however remain uneduated about the used hemials. They are unable to assess
related risks, avoid dangerous events, and resolve suh events when they our.
The knowledge domain of paper prodution is omposed of various underlying
domains, suh as hemistry, engineering, eletronis, and organising. These do-
mains remain largely unintegrated, hampering employees to make unambiguous
assessments of situations they enounter. In the Optihem Infonet projet, an
attempt is made to integrate these knowledge domains and embody these in a
deision support system. During the onstrution of the Optihem Infonet dei-
sion support system, knowledge of sustainability about the omposite knowledge
domain of paper prodution has been produed.
The Optihem Infonet deision support system provides task-spei deision
support to these employees onerning hemials. The rst prototype foussed on
integrating the various knowledge domains of paper prodution. Currently, the
seond prototype supports leaners and truk drivers. The seond prototype has
been disussed in this hapter. It enables them to assess their personal safety re-
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garding hemials they enounter while doing their jobs. Additionally, the deision
support system informs them about reations of the enountered hemial with
other substanes. Finally, the deision support system explains what measures
leaners and truk drivers an take to avoid risks.
In a user-test, we determined the eet of the struture that is used in the
deision support system user interfae on knowledge transfer. Two interfaes have
been used: simple and omplex. Our results show that in our user-test, a simple
interfae performs better than a omplex. Cleaners and truk drivers were able
to retrieve more information about a ertain situation involving hemials from
the deision support system, using the simple interfae. Additionally, information
was retrieved quiker using the simple interfae. The user-test illustrates that
knowledge integration using a deision support system is aeted by varying the
struture of the user-interfae.
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